The large bandwidth available with mmWave (millimeter Wave) makes it a promising candidate for 5th generation cellular networks. Proper channel estimation algorithms must be developed to enable beamforming in mmWave systems. In this paper, we propose an adaptive channel estimation algorithm that exploits the poor scattering nature of the mmWave channel and adjusts the training overhead adaptively with the change of channel quality for mmWave cellular systems. First, we use a short training sequence to estimate the channel parameters based on the two-dimensional discrete Fourier transform method.
Introduction
The data rate requirements of 5G (the next generation) cellular communication systems will approach or surpass gigabits per second [1] . Such a high data rate inevitably relies on an enormous available bandwidth [2] .
The huge bandwidth available at mmWave frequencies makes it one of the best candidates for future 5G cellular systems [3] [4] . However, extreme path fading restricts the propagation distance of mmWave.
Directional beamforming with large antenna arrays appears to be inevitable to support longer outdoor OLQNV ҏ DQG SURYLGH VXI¿FLHQW UHFHLYHG VLJQDO SRZHU [5] .
Moreover, channel estimation must be performed to obtain the perfect CSI (Channel State Information) necessary to support the directional beamforming.
However, the channel matrix can be considerably large in mmWave systems owing to the large number of antennas, making the classical approach unfeasible for the estimation of the mmWave channel [6, 7] .
Therefore, a major challenge is to develop accurate and reliable channel estimation algorithms for
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mmWave cellular systems [8] .
Considering the high cost and power consumption of devices and enabling multiple data streams, the hybrid structure of large scale antennas that enable hybrid analog-digital beamforming have become a new trend [2, 9] . Several estimation algorithms for hybrid structures have been developed. In Refs. [6] and [10] , a novel multiresolution codebook, which is divided into analog and digital domains, is designed and a channel estimation algorithm is proposed. In Refs.
[11] and [12] , the authors use a compressed sensing tool to compress the training overhead and propose corresponding algorithms. A matrix-block algorithm (DFT-CEA) based on 2D-DFT (Two-Dimensional Discrete Fourier Transform ) with a short training overhead to estimate the channel parameters is proposed in Ref. [7] . All these algorithms can save the training sequence, however, they cannot adjust the training overhead adaptively when the channel condition (such as SNR) changes.
In this paper, considering that the locations of the MS (Mobile Stations ) relative to the BS (Base Station) are random and channel qualities at different locations differ significantly, we develop a channel estimation algorithm that adjusts the training sequence length according to the channel condition.
First, the BS sends a short training sequence; after computing the 2D-DFT of the received signal, the MS estimates the path parameters iteratively, namely path gain, AoA (Angle of Arrival), and AoD (Angle of Departure ). Then, we design a feedback scheme that allows the MS to distinguish if the estimated path parameter is noise or a true path by comparing with a threshold and feedbacks "Yes/No" to decide whether to continue to send the training sequence. We emphasize that the proposed first step refers to the DFT-ACE method in Ref. [7] ; the difference is that we design an adaptive feedback scheme by which the system adjusts the training overhead. Numerical 
where is the thermal noise with variance ı 2 . The final processed data at the MS is y=W BB y BB .
Considering the limited scattering nature of the mmWave channel [14] , we adopt a geometric channel model with L dominant scatterers where each scatterer is assumed to contribute a single propagation path between the BS and MS [2] . L is a statistics mean and we assume it is resolved. H can be expressed as (3) where Ȝ is the carrier wavelength and d is the distance between antenna elements. In this paper, we assume d=Ȝ/2. We rewrite Eq.(2) in a more compact form as (4) where
, and .
In mmWave systems, the dimension of H can has in position and zero otherwise. For each vector of this sequence, the analog RF beamformer is designed as follows: Figure 1 Block diagram of mmWave system that uses RF and baseband beamformers at both ends [2, 9] where is an M RF ×M RF square matrix. Similarly, the analog combiner is designed as (8) where is an N RF ×N RF square matrix. and are full-rank and have elements with unitary magnitude and arbitrary phases. According to Eq.(1), the baseband signal at MS is (9) where . When all the vectors are sent, we write the received signal in matrix form: (10) According to Eqs. (9) and (10), a submatrix block is estimated by (11) where . To ensure that and are full-rank and have elements with unitary magnitude, they are assumed to be Hadamard matrices; this also ensure that the noise in Eq. (11) is white with variance ı 2 [7] . Estimating and stacking several submatrix blocks , we can obtain an
To extract the path parameters l=1, 2, , L, we compute the 2D-DFT of on N DFT ×N DFT samples (12) Then, the path parameters can be obtained using the DFT-CEA method in Ref. [7] . For convenience, The key step of the DFT-CEA method is the third step, however, the point selected is probably not the real path, rather, it could be noise jamming. To distinguish the noise and real path, we explore the characteristics of the noise in . The estimated submatrix in 3(A) is (13) where is the N d ×M d noise matrix and each element obeys the complex Gaussian distribution [7] . We rewrite Eq.(12) as follows:
An adaptive channel estimation algorithm for millimeter wave cellular systems (14) where | | is the 2D-DFT of and each element obeys the complex Gaussian distribution According to the poor scattering nature of the mmWave channel [6] , only few angles, namely the AoAs and AoDs of the paths, have large energies; other angles are near zero energy. Hence, the matrix has the following features: 1) the values at the positions corresponding to the AoAs and AoDs are large, appearing to be "peaks"; 2) other values are near zero.
According to the distribution features of and described above, we obtain .
The third step of the DFT-CEA method is
To ensure the accuracy and eliminate the interference of noise, the energy of the selected point must be greater than the noise jamming, namely . 
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The proposed algorithm requires the length of the training sequence 
Numerical results
In this section, we evaluate the performance of the proposed algorithm in a typical mmWave scenario. We consider the system model in Section 2. BS employs a ULA of M=128 antennas and M RF =16 RF chains; MS employs a ULA of N=64 antennas and N RF =8 RF chains. The distance between antenna elements is d=Ȝ/2. MmWave channels with several scatterers between are considered. We set N DFT =512 when calculating the 2D-DFT. As a comparison, we also simulate the DFT-ACE method with M d =80, N d =40; the other parameters are the same as above.
Further, owing to the fact that switches on only M RF antennas, the signal-to-noise ratio is: 
Conclusion
In this paper, we considered the problem of 
